The authors used a retrospective case series to describe the increased frequency of dry eye syndrome in patients who have undergone both laser in situ keratomileusis and blepharoplasty. Methods: The authors reviewed records from six patients who required surgical correction for exposure keratopathy previously treated by both laser in situ keratomileusis and blepharoplasty. Results: All six patients developed significant exposure keratopathy postoperatively requiring surgical intervention. Four patients had blepharoplasty followed by laser in situ keratomileusis, and two patients had laser in situ keratomileusis followed by blepharoplasty. Symptomatic dry eye symptoms followed the second procedure 1 week to 4 months later. Surgical correction of eyelid malposition and lagophthalmos markedly improved symptoms.
B
lepharoplasty is one of the most frequently performed cosmetic procedures in the United States, with over 465,000 cases annually. 1 Dry eye syndrome is a well-recognized and dreaded complication after blepharoplasty surgery, with an incidence of 8 to 21 percent. [2] [3] [4] [5] There are multiple etiologic factors responsible for dry eye symptoms after blepharoplasty, with lower eyelid malposition as the principal mechanism. 6 Lagophthalmos, eyelid retraction, alterations in the tear film, and diminished blink reflex all result in increased tear evaporation and dry eye symptoms. 4, 5, 7, 8 Another frequent cosmetic procedure is laserassisted in situ keratomileusis or laser in situ keratomileusis. Annually, over 1.3 million laser in situ keratomileusis procedures are performed in the United States alone. 9 The laser in situ keratomileusis procedure itself is not without complications. In a recent survey of the American Society of Cataract and Refractive Surgeons, dry eye symptoms were the most common complaint after surgery, accounting for up to 15 to 25 percent of all cases. 10 With the increasing volumes of these cosmetic procedures performed annually, there will no doubt be an increasing number of patients who have undergone both operations.
Laser in situ keratomileusis surgery can induce dry eye symptoms by a variety of different mechanisms. The cornea is richly innervated by the long ciliary nerves of the ophthalmic division of the trigeminal nerve. The majority of these terminal nerve fibers enter the cornea horizontally at the 3-o'clock and 9-o'clock positions. Activation of these sensitive nerve fibers by foreign bodies or ocular surface desiccation stimulates the blink reflex to sweep the corneal surface with tears. 11, 12 During laser in situ keratomileusis flap creation and laser ablation, these nerves are transected, resulting in decreased corneal sensitivity and a transient neurotrophic cornea. 13, 14 As a result, the blink reflex arc is blunted, contributing to dry eye symptoms. Battat et al. and Toda et al. reported other possible mechanisms for dry eye, including decreased rates of tear pro-duction and clearance after laser in situ keratomileusis. 8, 13 Hori-Komai et al. reported an increase in interpalpebral width after laser in situ keratomileusis surgery, suggesting that dry eye symptoms may result from a change in the apposition of the eyelids with the ocular surface. 15 In our clinical ophthalmic practice, we have noted more frequent presentations of dry eye symptoms in patients who have undergone both blepharoplasty and laser in situ keratomileusis. The relationship between blepharoplasty and laser in situ keratomileusis in the development of postoperative dry eye has not been well studied. In this report, we present the findings in our series of patients with dry eye symptoms who previously had both blepharoplasty and laser in situ keratomileusis. To our knowledge, this is the first report to describe dry eye symptoms exacerbated after both blepharoplasty and laser in situ keratomileusis.
PATIENTS AND METHODS
All patients were examined at the Shiley Eye Center at the University of California, San Diego, a university-based tertiary referral practice. This study was approved by the University of California, San Diego Human Research Protections Program and conforms with the principles outlined in the Declaration of Helsinki. A total of six patients who had previously undergone both upper and lower eyelid blepharoplasty and laser in situ keratomileusis were reviewed and analyzed retrospectively. In our chart review, we examined age, sex, medial and surgical history (including timing of both blepharoplasty and laser in situ keratomileusis), and details from ophthalmic examination. The ophthalmic data included the presence of ocular symptoms, visual acuity, eyelid position, margin to reflex distance (defined as the distance from the upper eyelid to the central corneal light reflex and the distance from the lower eyelid to the corneal light reflex), lagophthalmos, and corneal staining. Tear breakup time and tear meniscus level were measured as previously described. 16 Laser in situ keratomileusis surgery was performed using the VISX Star excimer laser (VISX, Inc., Santa Clara, Calif.) or the Ladarvision excimer laser (Alcon, Inc., Fort Worth, Tex.). Before creation of the flap, topical anesthetic consisting of proparacaine 1% was instilled. The flap was created at a depth of 160 mm and a diameter of 9.5 mm using the Hansatome microkeratome (Bausch & Lomb, Rochester, N.Y.), NIDEK microkeratome, or automated corneal shaper microkeratome (Chiron, Claremont, Calif.). The laser correction was achieved with a 6.5-mm ablation zone for myopic correction or a 9.0-mm ablation zone for hyperopic correction. At the time of surgery, all patients received topical antibiotics [0.3% ofloxacin (Allergan, Inc., Irvine, Calif.) or 0.3% ciprofloxacin (Alcon, Inc., Fort Worth, Tex.)], an anti-inflammatory (0.1% ketorolac; Allergan), and a steroid (1% prednisolone acetate; Allergan). Postoperatively, all patients were given, four times daily, 1% prednisolone acetate, ofloxacin or ciprofloxacin, and nonpreserved artificial tears.
All procedures to correct ocular surface symptoms were performed by one surgeon (D.O.K.). Initial treatment consisted of artificial tear supplementation followed by punctal plug placement or punctal cautery for refractory symptoms. Patients with more severe symptoms required surgical intervention. All operations were performed under local anesthesia with lidocaine 0.5% and epinephrine 1:200,000, with monitored care, and placed on Frost sutures for 3 to 5 days.
For cases of lower eyelid retraction with less than 1 mm of scleral show inferiorly, the lower eyelid was recessed beneath the inferior tarsal border. A transconjunctival incision beneath the inferior tarsal border was performed to release the lower eyelid retractors. A 6-0 mild chromic suture was then used to recess the palpebral conjunctiva 2 to 3 mm beneath the inferior tarsal border. In cases of lower eyelid retraction with 2 mm of scleral show, autologous hard palate was used as a spacer graft in the inferior fornix. The graft was secured with 6-0 fast absorbing gut sutures. For lower eyelid retraction with greater than 3 mm of scleral show, hard palate grafting was combined with midface elevation. Lateral canthoplasty was performed using 5-0 polygalactin sutures to secure the inferior crus of the lateral canthal tendon to the superior crus.
RESULTS
A summary of demographic and clinical characteristics is provided in Tables 1 and 2 .
CASE REPORTS Patient 1
A 63-year-old woman underwent bilateral upper and lower eyelid blepharoplasty in October of 2001. Postoperatively, the patient was noted to have 1 mm of lagophthalmos and lower eyelid retraction bilaterally but denied any dry eye symptoms. On clinical examination, there was no punctate keratopathy of the cornea. In November of 2001, she underwent bilateral hyperopic laser in situ keratomileusis. A superiorly hinged corneal flap was created with the Hansatome microkeratome. One Volume 119, Number 7 • Dry Eye Syndrome with Blepharoplasty month after laser in situ keratomileusis, the patient presented to the clinic with foreign body sensation in both eyes. Inferior punctate staining of the cornea was noted bilaterally. Initial treatment consisted of aggressive ocular lubrication followed by bilateral lower punctal plug placement. Despite these treatments, the patient continued to have intractable dry eye symptoms and elected to undergo surgical correction. The patient underwent bilateral lower eyelid retraction repair with hard palate grafting (Fig. 1) . Two months after surgery, the patient reported marked improvements in her dry eye symptoms, with no lagophthalmos. Visual acuity improved from 20/40 preoperatively in both eyes to 20/25 postoperatively in the right eye and 20/30 in the left eye.
Patient 2
A 73-year-old woman underwent bilateral upper and lower eyelid blepharoplasty in June of 1998 resulting in 2 mm of lagophthalmos bilaterally. In April of 1999, she elected to undergo laser in situ keratomileusis for monovision in the right eye. A nasally hinged corneal flap was created with the automated corneal shaper microkeratome. Four months after laser in situ keratomileusis, the patient began to experience intense foreign body sensation in the right eye. Ocular examination disclosed confluent punctate staining of the cornea in the right eye and no staining in the left eye. Before laser in situ keratomileusis, the patient developed lagophthalmos and inferior displacement of the lateral canthus but was without dry eye symptoms. She was managed with aggressive lubrication initially but continued to have persistent exposure keratopathy in the right eye. After lateral canthoplasty was performed, the patient's ocular symptoms resolved.
Patient 3
A 42-year-old woman underwent bilateral lower eyelid blepharoplasty in 1981. In 1993, she underwent bilateral upper eyelid blepharoplasty. Her postoperative course was complicated by 1 mm of lagophthalmos in the right eye, 3 mm of lagophthalmos in the left eye, and mild exposure keratopathy maintained with artificial tears for 9 years. In February of 2002, she underwent bilateral hyperopic laser in situ keratomileusis. One week after laser in situ keratomileusis, the patient reported intense dry eye symptoms greater in the left eye than in the right eye. Ophthalmic examination revealed dense inferior punctate staining greatest in the left eye. Initial treatment consisted of nightly lubricating ointment with eyelid taping and punctal plug placement. Despite these measures, the patient continued to have persistent symptoms necessitating further surgery. The patient underwent bilateral lower eyelid retraction repair with hard palate grafts and midface lifting. Two months after surgery, corneal staining was negative and the patient reported resolution of all dry eye symptoms (Fig. 2) .
Patient 4
A 57-year-old woman underwent bilateral upper eyelid blepharoplasty in 1992. In July of 2000, bilateral lower eyelid blepharoplasty was performed. Immediately after surgery, the patient reported mild foreign body sensation greater in the right eye than in the left eye. The dry eye symptoms were managed successfully with artificial tears. In January of 2002, the patient underwent bilateral laser in situ keratomileusis. One week after this procedure, the patient reported marked exacerbation of dry eye symptoms greatest in the right eye. Examination revealed bilateral lower eyelid retraction with 1 mm of Volume 119, Number 7 • Dry Eye Syndrome with Blepharoplasty lagophthalmos and inferior punctate staining. Initial treatment consisted of increased frequency of artificial tear instillation followed by bilateral punctal plug placement. Despite these treatments, the patient continued to experience exposure keratopathy. Bilateral canthoplasty was subsequently performed to address the eyelid retraction. After surgical correction, the patient reported marked improvement in her dry eye symptoms, with decreased punctate staining.
Patient 5
A 45-year-old woman underwent laser in situ keratomileusis for monovision in the right eye in July of 1999. She tolerated the procedure well, without any dry eye symptoms. In May of 2000, the patient had bilateral upper and lower eyelid blepharoplasty. Within 1 month after surgery, the patient noted marked foreign body sensation greatest in the right eye. Use of copious artificial tears and adjunct placement of punctal plugs did not alleviate the dry eye symptoms. Definitive surgical treatment consisted of repair of lid retraction with hard palate mucosal grafting and bilateral canthoplasty with resolution of symptoms.
Patient 6
A 57-year-old man underwent laser in situ keratomileusis for monovision in the right eye in 1997. One month after laser in situ keratomileusis, the patient noted increasing foreign body sensation in the right eye. Initial treatment consisted of artificial tears followed by punctal placement to control dry eye symptoms. Ophthalmic examination of the cornea revealed no punctate staining. In January of 2002, bilateral upper and lower eyelid blepharoplasty was performed. Two months after blepharoplasty, the patient reported marked worsening of dry eye symptoms greatest in the right eye. Examination disclosed bilateral inferior punctate staining with bilateral lower eyelid retraction and lagophthalmos. Despite aggressive lubrication and punctal plug placement, the patient continued to experience exposure keratopathy necessitating surgical correction. Lower eyelid retraction repair consisting of canthoplasty and hard palate mucosal graft was performed bilaterally. After surgical correction of eyelid malposition and lagophthalmos, the patient reported partial improvement in dry eye symptoms with reduced punctate staining.
DISCUSSION
The association between blepharoplasty and laser in situ keratomileusis in the development of postoperative dry eye syndrome has not been well studied. Each procedure has been shown to independently cause dry eye. 4, 5, 7, 8, 13 In this case series, we report the development of dry eye syndrome in patients with previously stable blepharoplasty and laser in situ keratomileusis patients who subsequently underwent the second procedure.
Symptoms of dry eye occurred within an average of 1.2 months (range, 1 week to 4 months) after the second procedure and persisted on average 12.6 months until surgical treatment (Table  2) . In each case, initial management consisted of artificial tear supplementation followed by punctal plug placement. Benitez and Toda previously noted that decreased tear secretion and corneal sensation were maximal up to 3 months after laser in situ keratomileusis surgery, and by 6 months after laser in situ keratomileusis, most patients returned to baseline tear secretion and corneal sensation. 13, 17 In patients undergoing uncomplicated blepharoplasty, exposure keratopathy was noted maximally up to 8 weeks postoperatively. 4 In our series, none of the patients experienced relief with artificial tears and punctal plugs and each required surgical correction. Depending on the severity of the eyelid malposition, repair of lower eyelid retraction with or without mucosal hard palate grafting was required for resolution of dry eye symptoms.
Lagophthalmos was a common finding in all symptomatic patients. In four of the cases, blepharoplasty was performed before laser in situ keratomileusis. Pre-laser in situ keratomileusis lagophthalmos was present and dry eye symptoms were managed conservatively with ocular lubrication. However, after creation of the corneal flap and laser in situ keratomileusis, conservative management with artificial tears was no longer sufficient to control dry eye symptoms in these patients. Presumably, despite the lagophthalmos, corneal sensation was intact, and during periods of ocular surface dryness, the corneal reflex arc would stimulate increased blinking, lessening the dry eye symptoms. After laser in situ keratomileusis, the blink reflex was blunted, exacerbating the dry eye symptoms.
The additive effect of laser in situ keratomileusis and preexistent postblepharoplasty lagophthalmos is best demonstrated in the monocular laser in situ keratomileusis cases (cases 2, 5, and 6). Dry eye symptoms in those patients only developed in the eye that underwent both laser in situ keratomileusis and had postblepharoplasty lagophthalmos. The non-laser in situ keratomileusis eye with postblepharoplasty lagophthalmos remained at baseline state, with no exacerbation of dry eye symptoms, presumably because the blink reflex remains intact in the fellow eye.
In the post-laser in situ keratomileusis patient considering eyelid surgery, the responsibility is on the blepharoplasty surgeon to avoid lid retraction and lagophthalmos. In our practice, we delay any elective eyelid surgery until 6 months after the last laser in situ keratomileusis surgery. The return of normal corneal sensation after creation of laser in situ keratomileusis flaps generally occurs after a 6-month period. 18, 19 We propose the following algorithm, outlined in Figure 3 . First, the patient is evaluated for any dry eye symptoms. Next, we evaluate for quantitative signs of tear dysfunction with Schirmer's testing, tear breakup time, and tear meniscus evaluation. If any of these findings are Plastic and Reconstructive Surgery • June 2007 abnormal, any surgery is delayed for an additional 3 months. Artificial tear supplementation and punctal plug placement are performed if necessary. If the preoperative evaluation is normal, we will consider conservative blepharoplasty with several considerations. First, we avoid excessive skin and fat removal, particularly in the lower eyelid. Next, during the dissection, we remove the skin only, leaving the orbicularis oculi muscle intact. To prevent lid retraction after blepharoplasty, we address any lower eyelid laxity and midfacial descent at the time of surgery. 20, 21 Finally, all patients receive postoperative artificial tear supplementation for 1 month after surgery. Aggressive ocular lubrication is particularly important in the early postoperative period because of transient paralysis of eyelid closure by local anesthesia. When contemplating laser in situ keratomileusis surgery in the postblepharoplasty patient, particular attention is paid to the periocular examination. Any preexisting lagophthalmos or eyelid retraction should be surgically corrected before performing laser in situ keratomileusis. Correction requires a two-fold approach: (1) increasing Volume 119, Number 7 • Dry Eye Syndrome with Blepharoplasty tear availability with removable punctal plugs or permanent closure supplemented with artificial tears, and (2) return of the eyelids to physiologic position with eyelid retraction repair, with possible hard palate grafting and/or midface elevation in severe cases. There are multiple procedures designed to address correction of lower eyelid retraction. The surgical techniques for the patients in this study are described in the Patients and Methods section and represent the personal experiences of the authors and are not implied to be the standard of care. Once all eyelid abnormalities are corrected, laser in situ keratomileusis surgery can be considered.
An interesting point this study raises is the potential cause of dry eye symptoms in patients who have undergone laser in situ keratomileusis alone. Up to 15 to 25 percent of patients undergoing routine laser in situ keratomileusis experience dry eye symptoms. 10 Although laser in situ keratomileusis is predominantly a procedure performed in younger patients, the presence of senile eyelid malposition was not addressed in these patients, and a subset of these dry eye cases may in fact be attributed to preexisting malposition. Thus, a thorough ocular adnexal examination should be performed in the routine preoperative assessment of the nascent laser in situ keratomileusis patient.
This study underscores the need for complete preoperative periocular examination before laser in situ keratomileusis. In addition to a thorough ophthalmic preoperative evaluation, the examination should document, at a minimum, the presence of lagophthalmos, margin-to-reflex distance measurement, eyelid position, Schirmer's testing, and corneal sensation. The shortcomings of our series are inherent in the retrospective nature of this type of study. Some selection bias may be present in that only patients with the most severe exposure keratopathy present. Presumably, there are patients who have undergone both procedures with subclinical dry eye but do not present clinically. These patients could have served as suitable controls, but we were unable to identify these individuals. However, cases 2, 5, and 6 do serve as excellent internal controls because each of these patients with preexistent bilateral lagophthalmos underwent monocular laser in situ keratomileusis and only experienced symptoms in the post-laser in situ keratomileusis eye. In addition, we did not study outcomes of patients who underwent eyelid malposition correction before laser in situ keratomileusis.
CONCLUSIONS
We report an association between laser in situ keratomileusis and blepharoplasty to induce dry eye syndrome. The combination of an eyelid malposition with the transient neurotrophic keratopathy induced by laser in situ keratomileusis can result in debilitating dry eye symptoms. With the numbers of patients undergoing both of these cosmetic procedures increasing, the incidence of dry eye symptoms will likely increase. Ophthalmologists must complete thorough preoperative adnexal evaluation in postblepharoplasty patients before performing laser in situ keratomileusis. Likewise, surgeons performing blepharoplasty must be aware of the potential complications in the post-laser in situ keratomileusis patient. Future prospective studies should be designed to evaluate the efficacy of correcting eyelid malposition from blepharoplasty before performing laser in situ keratomileusis and to identify the optimal timing for performing laser in situ keratomileusis after blepharoplasty.
